NMD is ubiquitous among eukaryotes and is a predict
been most reliably demonstrated by in situ hybridizathe mutations that initiated NAS had no predictable effect on ESE consensus sequences, while others unition-based methods that show accumulation of nonsense pre-mRNAs at the site of transcription (Muhleformly improved the sites. Finally, the majority of single base substitutions deep in coding sequence that alter mann et al., 2001). Moreover, nonsense mutations in many mammalian genes have been associated with splicing create PTCs, while only 3 of 64 codons that occur by chance would have this effect. It should be exon skipping. In at least two examples in the FBN1 and MVM genes, frameshifts in the upstream exon that noted that many of these mutations were detected after abnormal splicing had been observed, precluding the restored the open reading frame (ORF) to the skipped exon abolished abnormal splice-site selection, providoverwhelming contribution of a detection bias. The Ends Justify the Means ing evidence that exon skipping was frame-dependent. Importantly, the same manipulation precluded accumuIn addition to mutations inside the ORF that wreak havoc with processing or stability of mRNA, mutations to either lation of PTC-bearing pre-mRNAs deep in the nucleoplasm.
side can have dramatic effects as well. Critical regulatory elements for posttranscriptional control are enIt is important to consider alternative mutational mechanisms that might contribute to alterations in precoded in the 5Ј and 3Ј untranslated regions (UTRs). The 5Ј UTR provides a unique opportunity for translational mRNA splicing. Occasionally, it has been observed that missense or even synonymous mutations can influence regulation, since it participates in recruitment and scanning of the 40S ribosomal subunit prior to translation splicing decisions. This most certainly relates to disruption of cis-elements that regulate alternative splicing initiation. Hyperferritinemia/cataract syndrome ( . Another sequence feature of the 5Ј mutations associated with abnormal splicing also occurred within sequences that matched, at least to an UTR that can regulate translation initiation as well as transcript stability is an upstream open reading frame extent, ESE consensus sequences. They also noted that some exons involved in NAS had been previously dem-(uORF). uORFs consist of initiation and termination codons separated by an ORF of variable length. uORFs onstrated to contain ESEs distant from the PTC, including those in the FBN1 and MVM genes. It was concluded can compete for scanning ribosomes, preventing 40S subunits from reaching the downstream and productive that these results argued against a nuclear readingframe scanning mechanism for NAS. A number of factors ORF. Additionally, since engagement of an uORF often dictates translation termination upstream of an exonneed to be considered. First, this conclusion does not reconcile the restorative effects that upstream exon junction, use of an uORF can initiate NMD. Adding further complexity, certain uORFs in yeast are followed frameshifts had upon splicing. Second, in both examples, it was shown that all base substitutions that creby cis-acting stabilizer elements which prevent the transcript from undergoing NMD (Ruiz-Echevarria and Peltz, ated PTCs altered splicing, while all those that maintained the ORF did not (Muhlemann et al., 2001;  2000) . Thus, it is not easily predictable whether a given uORF will lead to decreased translation, decreased tranreviewed in Wilkinson and Shyu, 2001). Third, many of residual nonsense transcripts may not be trafficked to the cytoplasm and available to the translation machinery, or may not be properly assembled into a closed loop conformation, precluding efficient translation inititiation and limiting the opportunity for drug-induced readthrough. In this view, pharmacologic regimens aimed at impairing nonsense surveillance, perhaps in combination with the promotion of nonsense suppression, may be more effective. In turn, the observation that complete disruption of NMD is incompatible with mammalian embryonic viability may ultimately limit this approach (Medghalchi et al., 2001) . Clearly, additional basic research will be needed to guide the development of a rational strategy. Hopefully, this will not diminish our energy or temper our enthusiasm.
